Summary. Incubation of two-cell mouse embryos with a range of radiolabelled compounds resulted in the incorporation of label into platelet-activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) in the culture media. The demonstration that known precursors ([1-14C] 
Introduction
Preimplantation embryos of mice (O'Neill, 1985) , humans (Collier et ai, 1988 (Collier et ai, , 1990 and sheep (Battye et ai, 1991) secrete platelet-activating factor (PAF; l-0-alkyl-2-acetyl-s«-glycero-3-phosphocholine), which is detected in culture media. The detection of embryo-derived PAF in human embryo culture media created by in vitro fertilization may be positively associated with their pregnancy potential after embryo transfer (O'Neill et ai, 1987) or pregnancy outcome (Punjabi et ai, 1990 ). PAF appears to act as an autocrine mediator of embryo development (O'Neill et ai, 1989a; Ryan et ai, 1990a, b) and its activity may be essential for the establishment and maintenance of pregnancy (Spinks et ai, 1988 (Spinks et ai, , 1990 ; O'Neill et ai, 1990) although this has been questioned by some (Milligan & Finn, 1990) .
Production of PAF by the embryo in culture media ranges from 4-8 to 385-8 ng PAF per embryo per 24 h for human embryos created by in vitro fertilization, and from 0-8 to 16-9 ng PAF ""Corresponding author.
per embryo per 24 h for mouse embryos (Collier et ai, 1988) . This high output suggests that preimplantation embryos may produce PAF by synthesis de novo. A characteristic feature of embryo-derived PAF production has been the great variability in the amount secreted by embryos (O'Neill & Saunders, 1984; Collier et ai, 1988 Collier et ai, , 1990 Punjabi et ai, 1990 ; Battye et ai, 1991 ). This appears to be exacerbated by the effects of culture (Ryan et ai, 1989) .
This work investigated the ability of two-cell mouse embryos to convert various radiolabelled precursors into embryo-derived PAF to ascertain their role in its synthesis. Two aspects of embryoderived PAF production were investigated.
First, the role of known PAF synthesis intermediates in other cells in embryo-derived PAF production was examined. From studies in different types of cell, pathways of PAF biosynthesis have been well documented; these are the so-called 'de novo pathway' (Fig. 1 , reactions VIII to X) and the 'membrane-remodelling' pathway (Fig. 1, reactions VI and VII) (reviewed Snyder, 1985 (reviewed Snyder, , 1987 (reviewed Snyder, , 1990 . Both pathways diverge from a common precursor, l-0-alkyl-2-lyso-i«-glycero-3-phosphate, which is initially formed from acyl-dihydroxyacetone-phosphate (acyl-DHAP) and a long-chain alcohol (Fig. 1, reactions I and II) . The two pathways may be linked by the PAF cycle ( Fig. 1 , reactions VI, VII, X, XI and XII). It has also been suggested that l-O-alkyl-2-acetyl-OTglycerol may be converted into l-0-alkyl-2-acyl-i/?-glycero-3-phosphocholine via a retroconversion/ de novo pathway of ether lipid biosynthesis ( Fig. 1 , reactions IX and VIII are reversed, followed by reactions III, IV, V) and subsequently used for biosynthesis of PAF via the membrane remodelling pathway (Lee et ai, 1990 Kaye, 1986) . Dihydroxyacetone phosphate (DHAP) and acetyl-CoA are important PAF substrates (Fig. 1) . The three carbohydrates might be converted into DHAP via glycolysis, gluconeogenesis or the pentose phosphate pathway. DHAP contributes to the glycerol backbone of the PAF molecule via its conversion to acyl-DHAP by DHAP-acyl transferase (EC 2.3.1.42). Acyl-DHAP is then converted to alkyl-DHAP by alkyl-DHAP synthase (Fig. 1, reaction I ). AcetylCoA is also necessary for PAF production and it contributes to the acetyl moiety on the second carbon of the molecule and also to the synthesis of the alkyl chain via long chain acyl groups. Pyruvate may be converted directly into acetyl-CoA by the pyruvate dehydrogenase complex, or indirectly from lactate and glucose, via pyruvate. Acetyl-CoA may be directly incorporated into PAF either by acetyl-CoA:l-0-alkyl-lyso-.yw-glycero-3-phosphate acetyltransferase or acetylCoA:l-0-alkyl-lyso-irt-glycero-3-phosphocholine acetyltransferase (Fig. 1 , reactions VIII and VII, respectively). Snyder (1985 Snyder ( , 1987 Snyder ( , 1990 Preparation of l-0-|Hexadecyl-l'-2'-3H(N) |-2-acetyl-s«-glycerol (|3H|hexadecylacetylglycerol) [3H]Hexadecylacetylglycerol (sp. act. 22200 GBq mmol"1) was prepared by phospholipase C hydrolysis of [3H]PAF (Mavis et ai, 1972) (Renooij & Snyder, 1981 Embryos at the two-cell stage were recovered by flushing the oviducts of mated animals 38 40 h after hCG injection (day 2). Flushing was performed with Hepes-buffered human tubai fluid medium (6-508 mmol Hepes l"1, 101-6 mmol-NaCl l"1, 4-69 mmol-KCl l"1, 0-20mmol-MgSO4r\ 0-37 mmol KHjPOJ"1, 2-04 mmolCaCl2.2 H20 l"1, 2-78 mmol glucose 1"\ 21-4 mmol sodium lactate l"1, 0-33 mmol sodium pyruvate l"1, 40 mmol NaHCOj \ 100 U penicillin G ml"1, 0-001% w/v phenol red, pH 7-5, 280-285 mOsmol; Quinn et al., 1985) supple¬ mented with 3 mg bovine serum albumin (BSA; Pentex, bovine albumin, crystallized, Miles Diagnostics, Kankakee, IL, USA) ml"1. Embryos were washed twice in bicarbonate-buffered human tubai fluid medium (which is the same as Hepes-buffered human tubai fluid medium except that Hepes is replaced with 2IOmmol-NaHC03 1" '; Quinn et ai. 1985) containing 3 mg BSA ml"1 (HTFM + BSA). Embryos from all females were pooled and then randomly divided into groups of 30-40 and cultured in an atmosphere of 5% C02 in air at 37"C for various periods in 5 ml Falcon tissue culture tubes (Becton Dickinson Co., Rutherford, NJ, USA) containing 0-7 ml pre-equilibrated HTFM plus BSA and the appropriate radiolabelled compound. ' ). After culture, embryos were removed, the media gassed with 5% C02 in air and the culture media immediately frozen. Embryos were washed twice in HTFM plus BSA and cultured uninterrupted for up to 72 h in 0-7 ml of HTFM plus BSA to assess the effect of exposure to radiolabel on subsequent embryo development. Embryos that were not exposed to radiolabel were also cultured and acted as controls.
Materials and Methods

Chemicals
Extraction and HPLC of labelled embryo-derived PAF from culture media
The extraction procedure was based on the method described by Collier et ai (1988) , with minor modifications. The medium to be extracted (0-4 ml) was added dropwise to 7-6 ml of methanol in siliconized tubes (Vacutainer, Becton Dickinson Co., Rutherford, NJ, USA) and left for 30 min at room temperature. Precipitated proteins were removed by centrifugation at 2500 g for 20 min at 5"C. The supernatant was removed and 7-6 ml of chloroform and 6-4 ml of water were added to effect phase separation. The chloroform phase was collected and 0-38 ml of methanol added to clear the solution. Solvent was evaporated from the samples by rotary evaporation and followed by a stream of nitrogen.The residue was resuspended in methanol (150pi) and filtered through a 0-45 pm filter (Millipore, Yonezawa, Japan).
Culture media extracts were chromatographed by high performance liquid chromatography (HPLC) as described by Gross & Sobel (1980) with minor modifications. Samples were applied to a Partisil strong cation exchange (SCX) column, 10 pm, 250 mm 4-6 mm (Whatman, Clifton, NJ, USA) and eluted isocratically with a mobile phase of CH3CN:CH3OH:H20 (300:150:35, v:v:v) at a flow rate of 1-5 ml min"1. Eluant was collected (1-5 ml fractions) and the amount of radioactivity in each fraction was determined by liquid scintillation counting. (Fig. 2) (Lumb & Snyder, 1971 Incubation time (h) Fig. 3 (Table 1) implies that the reaction catalysed by alkyl-DHAP synthase (Lumb & Snyder, 1971) (Fig. 1, reaction I) is present in the early embryo. The incorporation of this substrate is via this reaction rather than nonspecific incorporation of [14C] from hexadecanol into PAF.
Long chain alcohols could also be used for plasmalogen formation (Horrocks & Sharma, 1982) or oxidized to long chain acids (for example by fatty alcohol:NAD+ oxidoreductase, Lee, 1979) and used in the acyl groups of glycerolipids. These possible routes of incorporation into other lipid classes have not yet been investigated in the preimplantation embryo, but seem unlikely to affect our results as they would not be expected to be secreted by the embryo nor would they comigrate with PAF on HPLC.
The two possible direct precursors of PAF by the de novo and membrane remodelling pathways, alkylacetylglycerol and lyso-PAF, respectively, were converted into PAF in the culture media by the two-cell mouse embryo (Table 1 ). This may suggest that both pathways are operational in the early embryo. The presence of both pathways has been documented for several types of cell, includ¬ ing endothelial cells (Bussolino et ai, 1987) and polymorphonuclear leukocytes (Alonso et ai, 1982) . The production of lyso-PAF and PAF from alkylacetylglycerol and choline (Fig. 3a, b) by embryos may suggest that the PAF cycle (Fig. 1) is operational, possibly linking the two pathways if they are present. Alternatively, retroconversion of alkylacetylglycerol to l-O-alkyl-2-acyl-j«-glycero-3-phosphocholine and its subsequent conversion to PAF via lyso-PAF may occur in the embryo. This pathway is present in rabbit platelets (Lee et ai, 1990 Fig. 3b ) may occur after its conversion into CDP-choline via choline kinase (EC 2.7.1.32) and choline-phosphate cytidyltransferase (EC 2.7.7.15) . Pratt (1980) reported the presence of choline kinase within the preimplantation mouse embryo. In known PAF biosynthetic pathways there are two possible points of choline incorporation (reactions V and X, Fig. 1 ).
Glucose, lactate and pyruvate are components of embryo culture media (Quinn et ai, 1985) and it has previously been demonstrated that the mouse preimplantation embryo incorporates [14C] from [U-'4C]glucose (Flynn & Hillman, 1978) and [2-'4C] pyruvate (Wales & Whittingham, 1970) (Brinster, 1967 (Brinster, ,1969 Leese & Barton, 1984) . Pyruvate alone in embryo culture media will support embryo growth from the two-cell to the blastocyst to a greater extent than lactate alone (Brinster, 1965; Wales & Whittingham, 1973) . Glucose alone in media will not support the development of the two-cell embryo (Brinster, 1965 (Table 1) may be due to the low levels of glucose uptake (Leese & Barton, 1984) at this developmental stage and because of its subsequent diversion to incorporation into glycogen (Pike & Wales, 1982 (Pike & Wales, 1982) and pyruvate and lactate are necessary for the growth of the early embryo (Kaye, 1986 Battye et ai, 1991) . Overall, radiolabelled embryo-derived PAF was detected in 42-5% of cultures (Table 1) . It was sometimes observed in this study that all the treatments set up for a single experiment did not produce PAF indicating the presence of an undefined element(s) within the whole system not conducive to embryo-derived PAF biosynthesis. Experiments where no incorporation of label into PAF or lyso-PAF was observed in all of the treatments were therefore not included in analysis. The control of embryo-derived PAF production is not known and techniques reported here will allow the mechanisms of control and the causes of variable secretory activity in vitro to be further investigated.
The wide concentration range of PAF produced by embryo cultures may be exacerbated by the variability associated with extraction and purification procedures. In this report the recovery of
[3H]PAF tracer was more consistent and higher than in a previous study (Collier et ai, 1988) (Fig. 2) , the absolute structural identity of radiolabelled embryo-derived PAF could not be proved owing to the small amount of material available. Radiation is toxic to preimplantation embryos (Sherman, 1979; Domon, 1980) and the extent of toxicity differed between compounds used in this study. The incorporation of label from carbo¬ hydrates into PAF by the embryos required much higher concentrations (and hence radioactivity) of compounds in media than was required of the more immediate precursors. This higher level of radiation in the carbohydrate cultures decreased the developmental rates to a greater extent. This may account for the lower levels of PAF produced from these compounds since PAF production may be positively correlated with embryo viability (O'Neill et ai, 1987) .
This study showed that two-cell mouse embryos actively synthesize PAF. Synthesis appears to occur via known pathways. The composition of embryo culture media may have a role in synthesis as components were converted into embryo-derived PAF indicating that the synthesis of important PAF precursors by the embryo may be de novo.
